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(54) A method of controlling base station transmitting power during soft handoff 



(57) A mobile station (60) in a CDMA cellular radio 
system transmits a possibly unique power cont rol com- 
mand every power control group time when the mobile 
station is in contact with a single base station When the 
_ mobile station (60) is jn soft handoff (in communication 
with two or more base stations simultaneously) howev- 
er, the mobile station (60) sends the same power control 
command for several power control group times, thus 



reducing the probability of receiving an erroneous power 
control command at a base station. The base stations 
(40, 50) synchronize their power levels periodically ac- 
cording to a predetermined number of power control 
command groups, resulting in more optimum base sta- 
tion power transmission levels, in turn resulting in a re- 
duction in system noise and an increase in system ca- 
pacity. 
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Description 

[0001] This invention relates to CDMA cellular radio 
systems, particularly to controlling the power level at 
which several base stations transmit to a mobile station 
that is in soft handoff among the several base stations. 
[0002] Cellular code-division multiple access (CDMA) 
radio systems, wherein mobile stations operate within 
"cells" whose 1 outlines are determined by base trans- 
ceiver stations (BTS!s), are limited by interference. It is 
thus highly desirable to reduce, interference. To. limit 
overall interference, power control is employed in which 
mobile stations and base stations instruct each other to 
raise or lower their transmitting power, so that-sufficient, 
but not excessive, power ,is employed on , forward and 
reverse links. ( = .:• ,. - ; 

[0003] Depending on a mobile station's position within 
a cell and on the terrestrial features in the, vicinity, a, mo- 
bile station may be in communication with f one. op mqre 
BTS's. Jn Fig. 1, Mobile station 60 is assumed ; to be in 
communication with BTS's 40 and 50 both, over forward 
links 46 and. 56 respectively, and over reverse links 47 
and 57 respectively. . / , .■ . ' , . : 

[0004] - Forward link power control has two aspects: an 
open loop aspect and a closed loop aspect. The open 
loop aspect is used to compensate for the effect of dis- 
tance variations and shadowing. which are usually recip- 
rocal on both Jinks. The multipath fading^, conditions, 
however, are independent on : the * f orwarcj ,and the re- 
verse links, and so the mobile station has to tell the base 

. station how to adjust its power^to compensate for lading. 
When the received energy -per-b it , oyer 1 noise.: density 
(EbNo) from the base station is.high (or low), the mobile 
station sends a power control command, (PC) -every 
power control group (slot) asking the base station tode- .- 

. crease (or. increase) its transmitted power, .The power 
control command is sent at a fixed rate (T P ). Typical 
rates in third generation (3G) CDiyiA systems are 800 
or 1600 power control commands per second. 7 
[0005] A- power control command is ( currentiy sent 
once during each "power control group" (A power con- 
trol group is also referred to as a "slot"). The power con- 
trol command may beasinglebit (one state connoting 
increase and the other connoting decrease) or it may be 
a m u It ib it command to allow changing the power by dif- 
ferent steps. . . . . 
[0006] Fig. 1 depicts portions of a conventional CDMA 
network. The CDMA network is a portion of the public 
switched telephone network (PSTN) 10. Connected to 
the PSTN 20 is a mobile telephoneswitchirjg office (MT- . 
SO) 20. Connected to MTSO 20 is base station control- 
ler (BSC) 30, which in turn connects to BTS 40 and BTS 
50. BTS's 40 and 50 are equipped with antennas 45 and 
55 respectively, which transmit and receive radio signals 
in an area located between them and generally compris- 
ing a cell. 

[0007] Handoff procedures are employed for passing 
a mobile user from one base station to another. A mobile 



station is said to undergo a hard handoff if it disconnects 
its transmission with the current base station and initi- 
ates transmission with a new base station. If the mobile 
station can communicate simultaneously with two or 
s more base stations it is said to be in soft handoff. Soft 
, handoff is one of the advantages that CDMA cellular 
systems have over other cellular systems like frequen- 
cy-division multiple access (FDMA). Mobile station 60 
of Fig. 1 is in soft handoff, since it is in communication 
10 with two BTS's (40 and 50). 

. [0008] Typically, a mobile station roaming in a cell can 
be in soft handoff a large percentage of the time. During 
soft handoff the mobile station is receiving from two or 
more base stations. These base stations combine the 
is signal received from the mobile station to decode the 
data. The mobile station also combines the signals re- 
ceived from the different base stations and accordingly 
issues a single power control command that all the base 
stations should follow. . .., ... 

. 20 ^ [0009] , I nJhe r £ony^nto 

..sends power control commands at the same rate (i.e., 
r one command during^acH"power control group) when 
; it. communicates with a sin gig, ha .set station as it does 
.when it isjn^spf^a^tdpff, as depicted in Figure 2. This 
■■ 25 isl<n^waas tast power control, and is useful for tracking 
the, changes in the. communication channel due to mul- 
tipath fading. A mobile station enters soft handoff when 
the signals received from at least two base stations are 
,- . within a, certain. strength margin and thus gain is achiev- 
30 : able by combining these signals (diversity gain). If the 
; power levels of the signals are significantly different, the 
,, gain from dive rsjty is lost. Also, if one base station starts 
. transmitting at a high power level compared to the power 
level ofthexrther base station! interference is increased 
_35 , which f rec!uces the system capacity. .The base stations 
£ . will .keep transmitting at comparable power levels if the 
.power control commands transmitted by the mobile sta- 
tion can be received without error. 
.[0010].. In practice, however, error-free reception of the 
40 power control commands is unusual. The power com- 
mands are sent uncoded to avoid the delay associated 
wjth coding; hence, even when there is a good connec- 
tion between the mobile station and the BTS, the error 
is about 5%. If the connection is weaker, the error rate 
45 can be significantly higher. Erroneous reception of the 
power control commands at the base stations can result 
v , in their transmitting at markedly different power levels. 
: This results in a loss in the diversity gain that soft handoff 
could provide. It further can result in increasing the in- 
. 50 terf erence ("noise floor") perceived by other mobile sta- 
tions which reduces the overall capacity of the CQMA 
system. ... 

[0011] In conventional systems JLhe^FK^ 
es the sa me method to issue the power control com- 
55 mands when it is commun icating with a sjn gj e base st a- 
tion (i.e., not in soft handoff) a nd when it is communicat- 
. ingjwith.mone4feaA^e_base-Si ation (i.e., in so fthandoff) . . 
However, the two situations should be dealt with differ- 
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ently. When the mobile sends a single power control 
command to the several base stations, one or more of 
the base stations may receive this command in error 
This results in that base station transmitting at adifferent 
power level than the other base stations. This results in 
a loss of diversity gain that we get from soft handoff and 
can also increases the interference in the system, which 
reduces the capacity. There is thus a need to improve 
the reliability of transmission of power control com- 
mands from a mobile station involved in "soft handoff, 
[001 2] The summary of the invention does not/neces- 
sarily disclose all the features essential for defining the 
invention: the invention may reside in a sub-combination 
6l the disclosed features. In accordance with the teach- 
ings of tne'present invention; these and other embodi- 
ments may be accomplished by the present systems 
find methods pi sending power control commands from 
the mobile station to the base stations. 
10013] An embodiment of the present invention in- 
cludes a" method of sending power control commands 
in a CDMA celluUi ladio system from a mdbile station 
to multiple base stations with which the 'mobile station 
is in soft* hcindofl The method includes* the moElFe? sta- 
tion receiving a signal from each of the base stations. 
The mobile station determines a power contror com- 
mand based upon 'the received signals arid sends the 
power control command during [multiple 1 power control 

groups. " ! ' * *" " ;K ., 

[0014] * Another embodiment of the' invention" includes 
a method of sending po'wer control commands in a GD-* 
MA cellular radio system from a mobile station ttfmulti- 
ple base stations with which the mobile station is irrsoft 
handoff. The method includestHe mobile station receiv- 
ing a siqnal.from each of the base stations, determining 
a power control command based'upon : tne received sig- 
nals. arid sending the power control coVrimartf a 
plurality of power control groups.The method furtfierin- 
cludes synchronizing transmission power levels of the 

* base stations after sortie other number of power control 

' groups. 

[0015] Still another embodiment of the invention in- 
cludes a device for sending powercoritrbl commands in 
a CDMA ceilular radio system from a mobile station to 
multiple base stations with which the mobile station is 
in soft handoff. the device includes a module for receiv-' 
ing a signal from each of the base stations. It also in- 
cludes a module connected to the receiving module, for 
determining a power control command based upon the 
received signals and a module for sending the power 
control command during multiple power control groups. 
[0016] An embodiment of the invention includes an 
apparatus for sending power control commands in a 
CDMA cellular radio system from a mobile station to 
multiple base stations with which the mobile station is 
in soft handoff. The apparatus includes a module for re- 
ceiving a signal from each of the base stations. It also 
includes a module for determining a power control com- 
mand based upon the received signals and a module 



for sending the power control command during multiple 
power control groups. The apparatus further includes a 
module for synchronizing transmission power levels of 
the base stations after some other number of power con - 

5 trol groups. 

[0017] Still another embodiment of the invention in- 
cludes an apparatus for sending power control com- 
mands in a CDMA cellular radio system from a mobile 
station to multiple base stations with which the mobile 

io - station is in soft handoff. The apparatus includes a mo- 
bile station configured* to receive a signal from each of 
the base stations, a processor in said mobile station (e. 
g. a microprocessor, an application specific integrated 
circuit (ASIC) or the like) configured to determine a pow- 

15 er control command based upon the received signals. 
It also includes a transmitter coupled to the processor, 
whtchls configured to send the power control command 

* during multiple power control groups. 

ir [0018] Another embodiment of the invention includes 
20 an apparatus for sending power control commands in a 
CDMX cellular radio systemfrbm a mobile station to 
multiple base stations with which, the mobile station is 
in soft handoff. The apparatus includes a mobile station 
configured to receive a signal from each of the base sta- 
'25 "tibns. It also includes a processor located within the.mo- 
bile station, which is configured to determine a power 
control command based upon the received signals. It 
" includes a transmitter coupled to the processor and con- 
figured to transmit the power control command during 
30 multiple powercontrol groups, and it includes a^base 

• station 'controller configured to synchronize a transmis- 
sion power level of'each of the base stations.. * 
-[0019] The present- invention advantageously. pro- 
vides a system for improving the reliability of transmis- 

; 35 - sion of power control commands from a mobile station 
VJ to the base stations with which it is involved in *a soft 
! * handoff. .-.>:.. r , ■• --?v ; 

r [0020] Further;' the present invention improves diver- 
sity gain in CDMA systems. 
40 [0021] Also, the present invention-beneftcially reduc- 
es interference and thus increases overall capacity of 
CDMA systems! • 

[0022] - The invention will next be described in connec- 
tion with certain exemplary embodiments; however, it 
* 45 should be clear to those skilled in the art that various 
modifications, additions and subtractions can be made 
without departing from the scope of the claims. 
[0023] Trie-invention will be more clearly understood 
by reference to the following detailed description of an 
so ' exemplary embodiment in conjunction with the accom- 
* ' panying drawings, in which: 

Fig." 1 '(prior art) is a high-level block diagram of a 
portion of a CDMA cellular system with a mobile sta- 
55 tioh in soft handoff; 

Fig. 2 (prior art) illustrates conventional methods of 
sending power control commands from a mobile 
station in a CDMA cellular system; 
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Fig. 3 illustrates the method of the present invention 
of sending power control commands from a mobile 
station in a CDMA cellular system; and 
Fig. 4 plots the performance of several methods of 
sending power control commands . including the s 
method of the present invention.-, 

[0024] This invention relates to power control com- 
mands sent during soft handoff. In overview, instead of 
sending one power control command during each power 10 
control group, the present invention proposes to send a 
power control command over multiple, power, control 
groups. This method provides more error protection to 
the power control commands and reduces the : rate at 
which base stations adjust their power This-configura- is 
tion also reduces the deviation between the transmis- 
sion powers of. the base stations-and allows, more, time 
for a central controller to balance the base station trans- 
mission powers. 

[0025] In order to maintain; compatibility wilh conven- ?o 
tional power control, the mobile station may send the 
power control commands at the same rate (T P ) : deter- 
mined according to the data frame duration and the 
number of slots per frame. Those skilled, in the art will 
recognize that the rate could toe suchjthat the system is 2S 
not backward compatible and. still fall within the scope 
of the invention. r . 

[0026] However, a mobile station in soft handoff 
sends a power .control command .over several slots in- 
stead of sending a power control command over a single \$P 
slot. This is shown in Figure 3- JEaciv base station in- 
volved in soft handoff can change its. power level every 
n slots, rather than every slot. 

[0027] Sending the power control command, over n 
slots may take several different forms. One, way is to >3S 
repeat the command each slot. In this case, the power 
: command can be decoded after. receiving each slot and 
, then all the n decoded copies are combined to. form one 
command, or the decoding of the. power command can 
be done only once after receiving all n slots : Another 40 
way is to send a portion of the command during each 
slot so that it takes n slots to send the entire power con- 
trol command. An advantage of this latter method is that 
the command may be coded into a multi-bit .code and a 
portion of the multi-bit code sent each slot. Still another 45 
way is to combine these two methods such that one or 
more portions of a power control command are sent mul- 
tiple times and the entire power control command may 
thus be sent multiple times spread over multiple slots. 
[0028] Distributing one power control command over so 
several slots results in reducing the error rate of the 
commands. Another advantage of reducing; the control 
rate (i.e. once every n slots compared to once per slot) 
is reducing the deviation between the transmission pow- 
' er levels of the base stations since, the base stations ss 
adjust their powers less often. Vl . 

[0029] The present invention keeps the transmitted 
powers, of the base stations involved in a soft. handoff, 



close to one another in magnitude. By way of example, 
assume the mobile station is in soft handoff with two 
base stations (although those skilled in the art appreci- 
ate that the number of base stations can be greater than 
two). The mobile station typically (although not neces- 
sarily) sends power control commands at a, rate of 1600 
commands/sec. The mobile. station combines the sig- 
nals from the two base stations using a RAKE receiver 
and accordingly determines a single power : control com- 
mand that both base stations should follow. In practice, 
some of these power control bits are received jn error 
at a base station depending on the quality of the reverse 
link between the mobile station and the specific base 
station. By way of example, a frame error rate for both 
links is assumed to be 1%. Under this assumption, the 
difference in the transmitted power from the two base 
stations is considered for four different cases: 

' ■ ; t.1 - The mobile issues a power command every pow- 
. er control group. Base stations' transmitted powers 
, , are not synchronized. 

2 - jTh e mqb i le i ss u es a po we r cont rol . command 
, every power control group. Base. stations' transmit- 
; . ted powers; are synchronized every 10 frames 
; based on the quality of the, reverse link. 
, 3- . The mobile issues a single power control com- 
■. mand every 4 power control groups. (This is an em- 
bodiment of the invention with n equal to 4.) Base 
L stations' transmitted powers are synchronized eve- 
ry 1 0 frames based on the quality of the reverse link. 
, 4- The mobile issues a power control command 
every power control group. Base stations' transmit- 
ted powers are synchronized every 2 frames based 
on the quality of .the reverse link. 

[0030] : ; Assuming base station 40's(Fig. 1 .) transmit- 
ted power to be xand base station 50's transm itted pow- 
er to.be y, z is defined to be Ix-yl. ■ -■ r -. ( ■ 
[0031]-:. Fig. A shows .the complementary cumulative 
distribution function of z for the four above-mentioned 
cases. Clearly; case 1 needs to be ameliorated in order 
to retain the benefits anticipated from the use of soft 
handoff. Synchronizing the base stations (under control 
of BSC 30 (Fig. 1 ) according to reports from base sta- 
tions 40 and 50) every feyv frames does help in reducing 
the difference in the transmitted powers. However, this 
is inherently a slow process because of . the, necessary 
signaling and can require many frames. A considerable 
reduction in the difference in the transmitted powers is 
obtained by applying the present invention (case 3). The 
results in case 3 are better than case 4 even though 
case 3 employs fewer synchronizations. 
[0032]. Those skilled in the art realize that specific 
numbers discussed in the above cases and examples 
are exemplary and nqt limiting and that the invention 
may be used in configurations representing a broad 
range of design choices. It will thus be seen that the in- 
vention, efficiently attains. the embodiments set forth 
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above, among those made apparent from the preceding 
description. The invention improves the reliability of 
transmission of power control commands from a mobile 
station involved in soft handoff. 

[0033] In particular, the invention provides a system 
for improving the reliability of transmission of power con- 
trol commands from a mobile station to the base stations 
with which it is involved in a soft handbff. The invention 
further provides improvement of diversity gain in CDMA 
systems. The invention further reduces interference and 
thus increases overall capacity of CDMA systems. 
Those skilled in the art will appreciate that the configu- 
rations depicted in Figures 3 and 4 provide these im- 
provements. ' v- ■ 
[0034] By way of summary, a mobile station in a CD- 
MA cellular radio system transmits a possibly unique 
power control command every power control group time 
when the mobile station is in contact with a single base 
station. When the mobile station is in soft haridoff (in 
communication with Iwo or more base stations simulta- 
neously), however, the mobile station sends the same 
power control command for several power control group 
times,' thus reducing the probability of receiving an er- 
roneous power control command at a base station: The 
base stations synchronize their power levels periodical- 
ly according to a predetermined number of powercon- 
trol command groups, resulting f in more optimum base 
station power transmission levels, ih !: turri resulting in a 
" reduction in system noise and arf increase in system ca- 
pacity. <" ;i «-•--■:.■. I * 

[0035] It will be understood that changes may be 
made in the above constructibn, and in the fdregoing 
sequences of operation, without -departing 4 from the 
scope of the invention. It is according^ inf ended that all 
matter contained in the above description or shown in 
the accompanying drawings be 'interpreted as illustrar 
tive rather than in a limiting sense: The present invention 
can, for example, be realized in the'torm of a computer 
program product supporting code modules that enable 
operation according td the present invention. Indeed, 
the program code could be provided to equipment by 
way of an over-the-air or wireline download of a Java 
Applet or the like. 

[0036] It is also to be understood that the following 
claims are intended to cover all of the generic and spe- 
cific features of the invention as described herein, and 
all statements of the scope of the invention which, as a 
matter of language, might be said to fall therebetween. 

Claims 

1. A method of sending power control commands in a 
CDMA cellular radio system from a mobile station 
to a plurality of' base stations with which the mobile 
station is in soft hahdoff, comprising: 

said mobile station receiving a signal from each 



of said base stations; 

determining, in said mobile station, a power 
control command based upon said received 
signals; and, 

5 sending said "power control command during a 

plurality of power control groups. 

2. The method according to claim 1 , wherein sending 
said power control command during a plurality of 

10 power control groups comprises transmitting said 
power control command during each of said plural- 
'** ity of power control groups.- ' 

3. The rnethod according toclaim 1 , wherein sending 
is -said 'power control command during-a plurality of 

-power control groups comprises transmitting a por- 
v • tion of sate* power control command during each of 
said plurality of power control -groups. 

20 4. • The method according to claim 3,* wherein the pow- 
; er control command is coded prior to said sending. 

5. The method according to any preceding claim, fur- 
* ther comprising: :* 

■25 ,* : synchronizing transmission power levels- of 
•'v the base stations 1 after another plurality of power 
control groups. 

6. * A computer program element comprising computer 
'30 ; v ♦■program code means arranged to make a mobile 

11 station execute procedure to perform the step of 
* ■■' ' any preceding claim. 

•7. - The computer program element of claim 6, embod- 
"35 w> .? ied on a computer readable medium. * f 

8.^- Apparatus for sending power control commands in 
** a CDMA cellular radio system from a subscriber unit 
'• ' to a plurality^of base stations with which the sub- 
40 scriber unit is in soft handoff, comprising: 

means -for receiving a signal from each of said 
- * - " base stations; 

means, coupled to said means for receiving, for 
45 . determining a' power control command based 

upon said received signals; and, 
means for sending said power control com- 
mand during a plurality of power control groups. 

50 9; ' The apparatus according to claim 8, wherein said 
means for sending comprises transmitting means 
for transmitting said power control command during 
each of said plurality of power control groups. 

55 10. The apparatus according to claim 8, wherein said 
means for sending comprises transmitting means 
* for transmitting a portion of said power control com- 
mand during each- of said plurality of power control 
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groups. 

1 1 . The apparatus according to claim 1 0, further includ- 
ing means for encoding said power control com- 
mand prior to said sending; wherein said means for 5 
encoding is coupled to said means for transmitting. 

12. The apparatus according to any of claims 8 to 11, 
further comprising: 

means for synchronizing transmission power 10 
levels of said base stations after another plurality of 
power control groups. 

1 3. The apparatus of any of claims 8 to 1 2, wherein the 
subscriber unit is configured to receive a signal from '5 
each ol said base, stations and a processor in said 
mobile station is configured to determine a power 
control command based upon said received sig- 
nals 

20 ' 

1 4. The apparatus according to claim 12, wherein: 

a base station controller is configured to syn- ' ,M 
chronize a transmission power level of each of said 
base 1 stations 

'~~-"2s'"""' 
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